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(54) Micro needle probe apparatus 

(57) In a micro needle probe apparatus (100) that 
includes a probe (3) and its associated electronic circuit 
(2), the electronic circuit is formed in a substrate (6) and 
includes at least one metal interconnection layer. The 
probe is cantilevered over the electronic circuit and is 



composed of a metal probe arm (1 7), a support post (64, 
65, 66) that anchors one end ofthe probe arm to the sub- 
strate, and a micro needle (35) mounted adjacent the 
moveable end ofthe probe arm. The probe apparatus 
may be used as the read/write mechanism of a moving- 
medium type memory device. 
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Description 

The invention relates to a micro needle probe ap- 
paratus that has probes cantilevered over respective 
electronic circuits. The invention also relates to a mov- 
ing-medium type memory device incorporating such 
probe apparatus, and a method of manufacturing such 
probe apparatus. 

Various moving-medium type memory devices that 
use micro needles to read and write data have been pro- 
posed as replacements for hard disk drives and semi- 
conductor memory devices such as CMOS devices. 
See, for example, United States patent no. 5,216,631 of 
Sliwa, Jr. and United States patent no. 5,373,494 of Ka- 
wagishi et al. 

In a typical moving-medium type memory device, a 
large number of probes, for example, 100,000 probes, 
are arranged in a 2-dimensional array, and scan the sur- 
face of a recording medium Each probe is composed of 
a cantilever probe arm and a micro needle. The probe 
arm is normally fixed at one end. The micro needle is 
mounted at or near the other end ofthe probe arm, re- 
mote from the fixed end, and extends perpendicularly to 
the probe arm towards the surface of the recording me- 
dium. Usually, the probe arms are driven by an electro- 
static force to change the separation between the tips 
of the micro needles and the surface of the recording 
medium in the process of reading and writing the data. 

Published International Application no. 
W095/12932 of Saito and the inventor, and United 
States patent no. 5,600,137 of the inventor, disclose a 
moving-medium type memory device in which the probe 
arms are formed in part of a three-layer silicon structure 
composed of a silicon substrate, a buried silicon oxide 
layer, and silicon surface layer. The probe arms are 
formed by micromachining operations performed on the 
silicon surface layer. 

The moving-medium type memory devices just de- 
scribed suffer from a number of problems. 

First, the memory device conventionally includes an 
electronic circuit associated with each probe. The elec- 
tronic circuit may include a data read/write circuit and a 
probe driving circuit, for example. The electronic circuit 
typically takes the form of an integrated circuit formed 
in and on the substrate near the probe. Such integrated 
circuits use a metal lead pattern to interconnect the var- 
ious semiconductor components. The temperatures 
used in the processing to form the probe arms in the 
silicon surface layer are higher than those that can be 
tolerated by the metal lead pattern. Accordingly, when 
the memory devices are fabricated, the processing to 
form the metal lead patterns must be performed after 
the processing to form the probe arms in the silicon sur- 
face layer. This processing order means that the probe 
arms cannot extend over their respective electronic cir- 
cuits. The electronic circuits must instead be located 
alongside the probes. This increases the area of the 
substrate occupied by the probes and their associated 
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electronic circuits. 

An important performance goal in moving-medium 
type memory devices is to increase the amount of data 
that can be read or written in one scan by increasing the 
5 density of the probes. Increasing the density of the 
probes also enables a moving-medium memory device 
of a given storage capacity to be made smaller, with a 
consequent lower manufacturing cost. However, locat- 
ing the electronic circuits alongside the probes on the 
10 semiconductor substrate surface limits the probe den- 
sity that can be achieved. 

Second, the electronic circuits project from the sem- 
iconductor substrate surface towards the surface of the 
recording medium. The electronic circuits project by a 
much greater distance than the maximum deflection dis- 
tance of the moving end of the probe arm on which the 
micro needle is mounted. Consequently, when the elec- 
tronic circuits are fabricated in the same substrate as 
the probe arms, the maximum deflection distance of the 
moving end of the probe arm must be increased, or the 
micro needle must be lengthened to accommodate the 
height of the electronic circuits above the substrate sur- 
face. To increase the maximum deflection distance of 
the moving end of the probe arm, the drive voltage for 
the probe arm must be increased. This increases the 
power consumption of the moving-medium type memo- 
ry device. Alternatively, the micro needle can be length- 
ened to accommodate the height of the electronic cir- 
cuit, but this cannot be done using currently-available 
process technologies. Even if the micro needle could be 
lengthened, a longer micro needle would be more sus- 
ceptible to damage. 

The problem just described can be partially solved 
by providing the probe arm with an auxiliary electrode. 
The auxiliary electrode has an electrode surface dis- 
posed parallel to the semiconductor substrate surface 
and located closer to the surface of the recording medi- 
um than the probe arm. The auxiliary electrode enables 
the probe arm to be driven by a lower voltage, and does 
not require significant lengthening of the micro needle. 

However, even when the probes are fitted with an 
auxiliary electrode, the height to which the electronic cir- 
cuits can project above the surface of the substrate is 
limited. The height limitation is such that the intercon- 
nections of the electronic circuits cannot be formed us- 
ing multiple layers. It is desirable to be able to form the 
electrical interconnections using multiple layers, since 
this would enable the area of the substrate occupied by 
the electronic circuits to be reduced. This would result 
in a higher probe density and a smaller moving-medium 
type memory device. 

Finally, forming the probes by micromachining tech- 
niques in the upper layer of a three-layer semiconductor 
structure can produce probes that are subject to warp- 
ing. Warping occurs as a result of the high temperatures 
involved in the probe fabrication process leaving high 
residual stress in the material of the probe. The probe 
warping changes the gap between the surface of the re- 
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cording medium and the tip of the micro needle mounted 
on the probe arm. This gap having an incorrect value 
causes data read/write errors. To prevent probe warping 
from causing such errors, the electronic circuit must in- 
clude an additional circuit to control the gap or to control 
the contact pressure between the surface of the record- 
ing medium and the tip of the micro needle. This addi- 
tional circuit makes it harder to increase the probe den- 
sity of the moving-medium type memory device. 

A probe apparatus is desired that achieves the 
above-mentioned goals of increasing the probe density 
and reducing size without increasing the maximum de- 
flection of the moving end of the probe arm and without 
increasing the length of the micro needle, that allows 
multi-layer interconnections to be used in the electronic 
circuits, and that prevents read/write errors by using 
probes that do not warp. 

The invention provides a micro needle probe appa- 
ratus that includes a probe and its associated electronic 
circuit. The electronic circuit is formed in a substrate and 
includes at least one metal interconnection layer. The 
probe is cantilevered over the electronic circuit and is 
composed of a metal probe arm, a support post that an- 
chors one end of the probe arm to the substrate, and a 
micro needle mounted adjacent the moveable end of the 
probe arm. The probe apparatus may be used as the 
read/write mechanism of the moving-medium type 
memory device according to the invention. The probe 
apparatus according to the invention can also be used 
as the manipulator in a scanning probe microscope. 

The electronic circuit is formed in and on the sub- 
strate and employs metal interconnections. The metal 
interconnections may be multi-layer interconnections to 
reduce the size of the electronic circuit. The probe is 
cantilevered over the surface of the substrate, including 
the parts surface occupied by the electronic circuit. Ac- 
cordingly, the area of the substrate occupied the probe 
and its associated electronic circuit is considerably less 
than that occupied by a conventional arrangement in 
which the probe and its associated electronic circuit are 
located alongside one another. 

In the probe apparatus according to the invention, 
the probe is cantilevered over the electronic circuit. The 
probe is therefore located closer to the probe target than 
the interconnections of the electronic circuit. This ar- 
rangement imposes fewer restrictions on the height of 
the electronic circuit, which allows the interconnections 
of the electronic circuit to be formed using one layer or 
many layers. 

In the probe apparatus manufacturing method ac- 
cording to the invention, a substrate is provided and an 
electronic circuit having at least one layer of intercon- 
nections is formed in the substrate. After forming the at 
least one layer of interconnections, a probe cantilevered 
over the electronic circuit is formed by building a probe 
support post on the substrate, fabricating a probe arm 
attached to the probe support post from a single layer 
of metal, and forming a micro needle located on the 
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probe arm at a point remote from the probe support post. 

Forming the probe from metal instead of silicon en- 
ables the probe to be formed after the interconnections 
of the electronic circuit have been formed. The probe 

s can then be cantilevered over the electronic circuit, so 
the probe and the electronic circuit can effectively share 
the same area of the substrate. This enables the density 
of the probes to be increased, and enables the moving- 
medium type memory device to be made smaller. In ad- 

10 dition, cantilevering the probe over the electronic circuit 
enables the maximum deflection of the moveable end 
of the probe arm, and the length of the micro needle, to 
be reduced. This reduces both the power consumption 
of the probe apparatus, and the likelihood of damage to 

15 the micro needle. Moreover, since the electronic circuit 
can employ multi-layer interconnections, further reduc- 
tions in the size of the moving-medium type memory de- 
vice are possible. 

Forming the probe arm from a single layer of a metal 

20 like aluminum results in a probe arm that is not subject 
to warping due to residual stress. Therefore, data read 
and write errors caused by using warped probes are pre- 
vented. Since the geometry of the probe arm is known, 
there is no need to employ an additional circuit to control 

25 the distance and contact pressure between the surface 
of the recording medium and the tip of the conductive 
needle. This makes it easier to develop smaller moving- 
medium type memory devices. 

Figure 1 is an exploded perspective view of an em- 

30 bodiment of the probe apparatus according to the inven- 
tion for use as the data read/write mechanism of a mov- 
ing-medium type memory device. 

Figure 2 is a front view of the probe apparatus ac- 
cording to the invention shown in Figure 1 

35 Figure 3 is a side view of the probe apparatus ac- 
cording to the invention shown in Figure 1 . 

Figure 4 is an enlarged perspective view of the 
moveable end of the probe arm of the probe apparatus 
shown in Figures 1 through 3. 

40 Figures 5A and 5B show forming the electronic cir- 
cuit and a first stage of forming the probe in the probe 
apparatus manufacturing method according to the in- 
vention. Figure 5A is a cross-sectional view in the direc- 
tion A-A shown in Figure 1. Figure 5B is a cross-sec- 

45 tional view in the direction B-B shown in Figure 1 . 

Figures 6A and 6B show a second stage of forming 
the probe in the probe apparatus manufacturing method 
according to the invention. Figure 6 A is a cross -section- 
al view in the direction A-A shown in Figure 1 . Figure 6B 

50 is a cross-sectional view in the direction B-B shown in 
Figure 1 . 

Figures 7A and 7B show a third stage of forming the 
probe in the probe apparatus manufacturing method ac- 
cording to the invention. Figure 7A is a cross-sectional 
55 view in the direction A-A shown in Figure 1. Figure 7B 
is a cross-sectional view in the direction B-B shown in 
Figure 1. 

Figures 8A and 8B show a final stage of forming the 
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probe in the probe apparatus manufacturing method ac- 
cording to the invention. Figure 8A is a cross-sectional 
view in the direction A-A shown in Figure 1 . Figure 8B 
is a cross-sectional view in the direction B-B shown in 
Figure 1 . 

Figures 9A through 9E illustrate a first way of form- 
ing the insulating section between the electrode section 
and the needle support section of the probe arm in the 
course of forming the probe in the probe apparatus man- 
ufacturing method according to the invention. 

Figures 1 0A and 10B illustrate an alternative meth- 
od of forming the insulating section. 

Figure 11 shows another embodiment of the insu- 
lating section. 

The micro needle probe apparatus according to the 
invention includes a probe and its associated electronic 
circuit. The electronic circuit is formed in a substrate and 
includes at least one metal interconnection layer. The 
probe is cantilevered over the electronic circuit and is 
composed of a metal probe arm, a support post that an- 
chors one end of the probe arm to the substrate, and a 
micro needle mounted adjacent the moveable end of the 
probe arm. The probe apparatus may be used as the 
read/write mechanism of the moving-medium type 
memory device according to the invention and can also 
be used as the manipulator in a scanning probe micro- 
scope. 

The electronic circuit is formed in and on the sub- 
strate and employs metal interconnections. The metal 
interconnections may be multi-layer interconnections to 
reduce the size of the electronic circuit. The surface of 
the substrate in which the electronic circuit is formed 
constitutes a probe support surface. The probe is can- 
tilevered over the probe support surface, including the 
parts of the probe support surface occupied by the elec- 
tronic circuit. Accordingly, the area of the substrate oc- 
cupied the probe and its associated electronic circuit is 
considerably less than that occupied by a conventional 
arrangement in which the probe and its associated elec- 
tronic circuit are located alongside one another. 

The probe apparatus preferably also includes a 
fixed electrode, and the probe arm includes a probe 
electrode. Both electrodes will be further described be- 
low. The electronic circuit includes a circuit that applies 
a drive voltage between the probe electrode and the 
fixed electrode to apply an electrostatic force to the 
probe arm. When the probe apparatus is used as the 
read/write mechanism in the moving-medium type 
memory device, the electronic circuit also includes a da- 
ta read/write circuit. 

Forming the probe arm from metal by, for example, 
selectively etching a single layer of a metal such as alu- 
minum, enables the probe arm to be easily produced 
with a variety of shapes. For example, the probe arm 
can be a single elongate beam with one end anchored 
to the probe support surface and the micro needle 
mounted adjacent the moveable end of the beam, re- 
mote from the anchored end. Alternatively, the probe 



arm can be L-shaped in plan view with the micro needle 
attached adjacent the apex. The end of one arm or the 
ends of both arms of the L-shaped probe arm can be 
anchored to the probe support surface. As a further al- 

5 ternative, the probe arm can be shaped like a three-tined 
fork in plan view. The ends of the tines remote from the 
micro needle are anchored to the probe support surface. 
The micro needle is mounted on one of the tines, remote 
from the anchored end. The probe arm itself is prefera- 

w bly disposed substantially parallel to the probe support 
surface. 

As noted above, the probe apparatus according to 
the invention includes a fixed electrode and the probe 
arm includes a probe electrode. The probe electrode is 

J5 preferably part of the probe arm. The fixed electrode is 
disposed substantially parallel to the probe arm and the 
probe support surface, and preferably bridges the 
probe, so that it is located between the probe arm and 
the probe target. The probe surface may alternatively 

20 serve as the fixed electrode. 

The probe target is the surface that will be probed 
by the tip of the micro needle mounted on the probe arm. 
Normally, this surface is disposed substantially parallel 
to the probe support surface. A voltage applied between 

2S the probe electrode and the fixed electrode establishes 
an electrostatic field that moves the micro needle 
mounted on the probe arm in a direction perpendicular 
to the probe support surface. This moves the micro nee- 
dle towards, into contact with, or away from the probe 

30 target. 

The probe arm preferably includes a section that 
supports the micro needle. This section will be called 
the needle support section. The probe arm also includes 
at least one section that provides the probe electrode. 

35 This section will be called the electrode section. For ex- 
ample, in a probe arm that is shaped like a three-tined 
fork in plan view, the two outer tines are electrode sec- 
tions, and the center tine is the needle support section. 
In this case, the needle support section is mechanically 

40 connected to, and electrically insulated from, the elec- 
trode sections. Common physical elements may provide 
all or part of both the needle support section and the 
electrode section, as occurs when the probe arm is a 
single, elongate beam, for example. 

4 $ The probe electrode can be installed in a specific 
position on the probe arm, and can extend laterally rel- 
ative to the probe arm to provide it with a greater width 
than that of the probe electrode. 

When the probe apparatus according to the inven- 

50 tion is used as the data read/write mechanism of a mov- 
ing-medium type memory device, the needle support 
section is electrically connected to the data read/write 
circuit, and the electrode section is electrically connect- 
ed to the probe drive circuit. 

55 When the probe apparatus according to the inven- 
tion is used as the data read/write mechanism in a mov- 
ing-medium type memory device, and the probe arm is 
a single piece of metal, instead of being composed of a 
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needle support section that is electrically insulated from 
an electrode section, the electronic circuit usually in- 
cludes an additional circuit. The additional circuit is re- 
quired to discriminate between the read/write signal and 
the drive signal used to deflect the moveable end ofthe 
probe arm in the direction perpendicular to the probe 
support surface, i.e., towards or away from the probe 
target. 

When the probe apparatus according to the inven- 
tion is used as the manipulator in a scanning probe mi- 
croscope, the probe target is a semiconductor or metal 
sample. 

When the probe apparatus according to the inven- 
tion is used as the data read/write mechanism of a mov- 
ing-medium type memory device, the probe target is a 
recording medium made of a ferroelectric or a dielectric. 
A large number of probes are disposed on the probe 
mounting surface in a two-dimensional array, and one 
or both of the recording medium and the probe mounting 
surface are moved parallel to one another to read or 
write data in the recording medium. Moreover, the 
probes are moved into and out of contact with the sur- 
face of the recording medium to read and write data. 

In the probe apparatus according to the invention, 
the probe is cantilevered over the electronic circuit. The 
probe is therefore located closer to the probe target than 
the interconnections of the electronic circuit. This ar- 
rangement imposes fewer restrictions on the height of 
the electronic circuit, which allows the interconnections 
of the electronic circuit to be formed using one layer or 
many layers. 

When the probe apparatus according to the inven- 
tion is used as the data read/write mechanism of a mov- 
ing-medium type memory device, the fixed electrode is 
also located closer to the probe target than the intercon- 
nections of the electronic circuit. 

An embodiment of the probe apparatus according 
to the invention and an embodiment of the moving-me- 
dium type memory device according to the invention will 
now be described in detail with reference to Figures 1 
to 4. 

Figure 1 is an exploded perspective view of an em- 
bodiment of the probe apparatus for use as the data 
read/write mechanism of a moving-medium type mem- 
ory device. In Figure 1 , the probe support surface 1 , and 
the probe 3, the fixed electrode 4 and the probe travel 
limrter 5 mounted on the probe support surface are 
shown detached from the electronic circuit 2 formed in 
and on the substrate 6 so that exemplary circuits 21 and 
22 constituting the electronic circuit 2 can be seen more 
easily. Figures 2 and 3 are front and side views, respec- 
tively, of the probe apparatus shown in Figure 1 . Figure 
4 is an enlarged perspective view of the moveable end 
of the probe arm forming part of the probe of the probe 
apparatus. Figures 1 to 4 are partially schematic, so do 
not accurately portray the actual thickness and size of 
each structural element. 

In the probe apparatus 100 shown in Figures 1 



through 3, the electronic circuit 2 is composed of semi- 
conductor devices, such as CMOS transistors, formed 
in and on the substrate 6. As noted above, the probe 
support surface 1 is a surface of a layer of an insulator, 
5 such as silicon dioxide or silicon nitride, that covers the 
surface of the electronic circuit 2. In the example shown, 
the electronic circuit 2 includes the probe drive circuit 
21 and the data read/write circuit 22. Fewer or more 
electronic circuits than those shown may constitute the 

10 electronic circuit 2. 

The probe 3 is composed of the probe arm 17, the 
micro needle assembly 34, and one or more probe sup- 
port posts. In the example shown, the probe arm 17 is 
shaped like a three-tined fork, and is composed of the 

is electrode sections 61 and 62, the needle support sec- 
tion 63 located between, and parallel to, the electrode 
sections, and the connecting section 67. The probe arm 
support posts 64, 65 and 66 respectively anchor one 
end of each of the electrode sections and the needle 

20 support section to the probe support surface 1 , and can- 
tilever the probe arm parallel to, and spaced from, the 
probe support surface. The connecting section 67 me- 
chanically interconnects the ends of the electrode sec- 
tions and the needle support section remote from the 

25 probe support posts 64, 65 and 66. The end of the probe 
arm remote from the probe support posts is the move- 
able end of the probe arm. 

The micro needle assembly 34, composed of the 
needle post 36, the needle mounting plate 37 and the 

30 micro needle 35, is mounted on part of the needle sup- 
port section 63 of the probe arm 1 7 remote from the end 
of the needle support section anchored by the probe 
support post 66. 

The fixed electrode assembly 4 is composed ofthe 

35 fixed electrode 41 and the fixed electrode support posts 
42 and 44. The fixed electrode support posts anchor the 
fixed electrode to the probe support surface 1 and sup- 
port the fixed electrode parallel to, and spaced from, the 
probe support surface. The spacing between the fixed 

40 electrode and the probe support surface is greater than 
that between the probe arm and the probe support sur- 
face so that the fixed electrode bridges the part of the 
probe arm on which the micro needle assembly 34 is 
mounted. The fixed electrode defines the aperture 43 

45 through which the micro needle assembly projects to en- 
able the micro needle 35 to contact the probe target. 

The probe travel iimiter assembly 5 is composed of 
the probe travel Iimiter 51 and the Iimiter support post 
52. The Iimiter support post anchors the probe travel lim- 

50 iter to the probe support surface 1 and supports the 
probe travel Iimiter parallel to, and spaced from, the 
probe support surface. 

Through holes formed in the insulating layer cover- 
ing the electronic circuit 2 provide an electrical connec- 

55 tion between the probe drive circuit 21 and the electrode 
sections 64 and 65, and to the fixed electrode 41. The 
electrical connection to the electrode sections is made 
via the probe arm support posts 64 and 65, and the elec- 
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trical connection to the fixed electrode is made via either 
or both of the fixed electrode support posts 42 and 44. 
The data read/write circuit 22 is electrically connected 
to the needle support section 63 via the probe arm sup- 
port post 66. The support posts make electrical contact 
with the interconnection layer or layers of the electronic 
circuit. 

The structure of the probe 3 will now be described 
in more detail. As noted above, the probe is composed 
ofthe probe arm 17, the micro needle assembly 34, and 
at least one probe support post. In the example shown, 
the probe arm is anchored to the probe support surface 
1 by the probe support posts 64, 65 and 66. The probe 
arm fabricated in single layer of metal, such as alumi- 
num. In the example shown, the probe arm is shaped in 
plan view like a three-tined fork. The two outer tines of 
the three-tined fork are the two electrode sections 61 
and 62, and the center tine is the needle support section 
63. The connecting section 67 mechanically intercon- 
nects the ends of the tines remote from the probe sup- 
port posts. 

One end of each of the three sections 61 , 62 and 
63 of the probe arm 1 7 is anchored to the probe support 
surface 1 by the probe support posts 64, 65 and 66, re- 
spectively. The probe support posts are also fabricated 
from a metal, such as aluminum. The electrode sections 

61 and 62 extend from the probe support posts 64 and 

65, parallel to the probe support surface 1 . The needle 
support section 63 extends from the probe support post 

66, parallel to the probe support surface 1. The ends of 
the electrode sections remote from the probe support 
posts are mechanically and electrically connected by 
the connecting section 67. In addition, the insulating 
section 31 mechanically connects the end of the needle 
support section 63 remote from the probe support post 
66 to the connecting section 67. However, the insulating 
section electrically isolates the needle support section 
from the electrode sections. 

As described above, the electrode sections 61 and 

62 are electrically connected to the probe drive circuit 
21 by the probe support posts 64 and 65, respectively. 
The needle support section 63 is electrically connected 
to the data read/write circuit 22 by the probe support 
post 66. 

The micro needle assembly 34 is shown in more 
detail in Figure 4. The needle post 36 extends perpen- 
dicular to the probe arm 1 7 from a point near the end of 
the needle support section 63. The needle post extends 
towards the surface of the recording medium (not 
shown). The needle post 36 terminates in the needle 
mounting plate 37. The needle mounting plate extends 
parallel to the needle support section from the end of 
the needle post towards the connecting section 67. The 
micro needle 35 is mounted adjacent the end of the nee- 
dle mounting plate 37 remote from the needle post, and 
extends perpendicular to the plane of the needle mount- 
ing plate. The thickness of the needle mounting plate 37 
is preferably less than that ofthe probe arm 17 so that 



the spring constant per unit length ofthe needle mount- 
ing plate is less than that of the probe arm. The resulting 
greater compliance of the needle mounting plate 37 in 
the direction perpendicular to the probe support surface 

5 1 decreases friction between the micro needle and the 
recording medium. This structure for decreasing friction 
between a micro needle and a recording medium is dis- 
closed in detail in the inventor's published European 
patent application no. EP 0 745 987. 

10 The fixed electrode assembly 4 and the probe travel 
limiter assembly 5 will be described in more detail next. 

The fixed electrode assembly 4 and probe travel 
limiter assembly 5 are both made from metal such as 
aluminum. The fixed electrode assembly 4 is composed 

'5 of the fixed electrode 41 formed parallel to the probe 
support surface 1 and the fixed electrode support posts 
42 and 44. The fixed electrode support posts anchor the 
fixed electrode to the probe support surface at two lo- 
cations on opposite sides of the probe 3. The fixed elec- 

20 trode 41 bridges the probe, and is located so that it does 
not completely cover the connecting section 67 of the 
probe arm 17, as shown in Figure 3. This enables the 
connecting section of the probe arm to contact the probe 
travel limiter 51, which will be described below, so that 

25 the probe travel limiter can limit the maximum excursion 
of the probe arm 1 7 relative to the probe support sur- 
face. 

The fixed electrode 41 defines the aperture 43. The 
aperture is located at a position corresponding to that of 

30 the micro needle assembly 34 so that the micro needle 
assembly can access the probe target through the ap- 
erture. The fixed electrode 41 is electrically connected 
to the probe drive circuit 21 by the fixed electrode sup- 
port posts 42 and 44, as will be described in more detail 

35 below with reference to Figure 5B. 

The probe travel limiter assembly 5 is composed of 
the probe travel limiter 51 and the limiter support post 
52. The limiter support post anchors the probe travel lim- 
iter to the probe support surface 1 . The probe travel lim- 

40 iter is disposed parallel to, and spaced from, the probe 
support surface, and extends from the limiter support 
post towards the connecting section 67 of the probe arm 
17. The spacing between the probe travel limiter 51 and 
the probe support surface 1 is preferably equal to that 

4$ between the fixed electrode 41 and the probe support 
surface. The probe travel limiter assembly 5 prevents 
the micro needle 35 from contacting the probe target 
with too large a force, and prevents the probe arm 17 
contacting the fixed electrode 41. 

50 The electrical potential of the probe travel limiter as- 
sembly 5 is preferably the same as that ofthe electrode 
sections 61 and 62 ofthe probe arm 17. In this embodi- 
ment, the limiter support post 52 electrically connects 
the probe travel limiter 51 to the probe drive circuit 21. 

55 Next, the operation of the probe apparatus shown 
in Figures 1 to 4 will be described. The probe drive circuit 
21 shown in Figure 1 applies a probe drive voltage be- 
tween the electrode sections 61 and 62 of the probe arm 
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17 and the fixed electrode 41 of the fixed electrode as- 
sembly 4. This generates an electrostatic force between 
the electrode sections 61 and 62 and the fixed electrode 
41. The electrostatic force moves the movable end of 
the probe arm 1 7 towards the electrode 41 . This moves 
the micro needle 35 towards, and possibly into contact 
with, the surface of the recording medium (not shown). 

The probe drive circuit 21 can include an additional 
circuit that detects and controls the distance between 
the tip 38 of the micro needle 35 and the surface of the 
recording medium and that additionally or alternatively 
detects and controls the force acting between the tip of 
the micro needle and the surface of the recording me- 
dium in embodiments in which such detection and con- 
trol is needed. However, in most applications, such ad- 
ditional circuit is not required because of the low inci- 
dence of warping in the metal probe arms. 

When the moveable end of the probe arm 1 7 moves 
too close to the fixed electrode 41 because of a control 
error, the connecting section 67 of the probe arm touch- 
es the probe travel limiter 51 of the probe travel limiter 
assembly 5. This prevents the tip 38 ofthe micro needle 
35 from applying an excessive pressure to the surface 
of the recording medium. Since the support posts 64, 
65 and 66 act as the pivot for the probe arm 1 7, and the 
probe travel limiter 51 is at the same spacing from the 
probe support surface as the fixed electrode, the probe 
travel limiter prevents the probe arm from contacting the 
fixed electrode. 

During data read and write operation in moving-me- 
dium type memory devices, the recording medium and 
probe apparatus may move relative to each other either 
with the tip of the micro needle in contact with the sur- 
face of the recording medium, or with the tip of the micro 
needle spaced from the surface of the recording medi- 
um by a microscopic distance. The moving-medium 
type memory device according to the invention may op- 
erate in either of these modes. Operation of the moving- 
medium type memory device according to the invention 
in either of these modes is conventional, and operations 
to read data from and write data to the recording medium 
are conventional. Accordingly, detailed descriptions of 
such operations are omitted. 

The method according to the invention of making 
the probe apparatus according to the invention will be 
described next. In the probe apparatus manufacturing 
method according to the invention, an electronic circuit 
having at least one layer of interconnections is formed, 
and is covered by an insulating layer that provides a 
probe support surface. The cantilever probe is formed 
from a probe arm, a probe electrode for moving the 
moveable end of the cantilever arm towards, into con- 
tact with, or away from the probe target, and a micro 
needle located at or near the moveable end of the probe 
arm. 

The probe apparatus is fabricated by forming the 
probe from metal. Forming the probe from metal ena- 
bles the probe arm to be fabricated after the electronic 



circuit has been formed. This, in turn, enables the probe 
and the electronic circuit to share the same area of the 
substrate by cantilevering the probe over the electronic 
circuit at a location closer to the probe target than the 

5 interconnections of the electronic circuit. 

The probe apparatus manufacturing method ac- 
cording to the invention also includes forming a fixed 
electrode over, and separated from, the probe support 
surface. The fixed electrode is also located closer to the 

JO probe target than the interconnections of the electronic 
circuit. 

The method according to the invention for manufac- 
turing the probe apparatus according to the invention 
will now be described in detail with reference to Figures 

'5 5A through 8B. Figures 5A, 6A, 7A and 8A are length- 
wise cross sectional views of the needle support section 
63 of the probe 3 along the line A-A' shown in Figure 1 , 
and illustrate the processing steps used to fabricate the 
probe support post 66, the needle support section 63 

20 and connecting section 67 of the probe arm 1 7, and the 
micro needle assembly 34. Figures 5B, 6B, 7B and 8B 
are cross sectional views of part of the fixed electrode 
assembly 4 along the line B-B' shown in Figure 1 and 
illustrate how the processing steps illustrated in Figures 

25 5A, 6A, 7A and 8A additionally fabricate the fixed elec- 
trode 41 and the fixed electrode support post 42. 

Figure 5A shows the probe apparatus after the elec- 
tronic circuit 2 has been fabricated. In Figures 5A, 6A, 
7A and 8A, the transistor 20 is shown as an example of 

30 the electronic components constituting the electronic 
circuit 2. The remaining electronic components consti- 
tuting the electronic circuit have been omitted to simplify 
the drawings. Moreover, the transistor 20 is shown as a 
MOS field-effect transistor in this example, but the tran- 

55 sistor can be any type of transistor. The electronic com- 
ponents may include one or more layers of metal inter- 
connecting other components constituting the electronic 
circuit. The transistor 20 includes the source 21, drain 
22, and gate 23 formed in and on the silicon semicon- 

40 ductor substrate 71. 

After the silicon components constituting the elec- 
tronic circuits 2 have been formed, the insulating layer 
72 is deposited over the entire surface of the substrate 
71 . The insulating layer 72 is preferably a layer of silicon 

4$ dioxide. Through holes are formed in the insulating layer 
where a first layer of metal constituting an interconnect 
layer is to make electrical contact to the silicon compo- 
nents, such as the transistor 20, formed in the substrate 
71 . For example, the through holes formed in the insu- 

50 lating layer include the through holes 81 and 82 through 
which electrical contact will be made to the source 21 
and drain 22, respectively, of the transistor 20 formed in 
the substrate 71 . 

A first layer of metal is next deposited on the surface 

55 of the insulating layer 72. This metal is preferably alu- 
minum, but other suitable metals such as gold or titani- 
um may alternatively be used. Depositing the first layer 
of metal on the insulating layer 72 fills the through holes 
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81 and 82 with the metal Thus, the metal makes elec- 
trical contact with the source 21 and drain 22, respec- 
tively, of the transistor 20. The first layer of metal is then 
selectively removed, preferably by etching, to define the 
metal interconnections 91 and 92, and the anchor pad 
93. The anchor pad 93 constitutes part of the probe sup- 
port post 66 (Figure 1 ). Selectively removing parts of the 
first layer of metat defines a track, not shown in the draw- 
ing, that electrically connects the anchor pad 93 to the 
data read/write circuit 22. Anchor pads (not shown) that 
constitute part of the probe support posts 64 and 65 (Fig- 
ure 1 ) are formed simultaneously with the anchor pad 
93. Selectively removing parts of the first layer of metal 
defines an additional track (not shown) that electrically 
connects the anchor pads that constitute part of the 
probe support posts 64 and 65 to the probe drive circuit 
21. 

Figure 5B shows how the processing illustrated in 
Figure 5A also forms part of the fixed electrode assem- 
bly 4. Removing parts of the insulating layer 72 to form 
not only the through holes 81 and 82 but also the through 
hole 83 in which part of the fixed electrode support post 
42 will be formed. Depositing the first layer of metal on 
the surface of the insulating layer not only fills the 
through holes 81 and 82 with metal, but also fills the 
through hole 83 with the metal. Selectively removing 
parts of the first layer of metal not only defines the metal 
interconnections 91 and 92 and the anchor pad 93 but 
also defines the anchor pad 45. 

Although not shown, an anchor pad that forms part 
of the limiter support post 52 of the probe travel limiter 
assembly 5 is formed at the same time and in the same 
way as the anchor pad 45 of the fixed electrode assem- 
bly 4. Selectively removing parts of the first layer of met- 
al additionally defines a track (not shown) that electri- 
cally connects the anchor pad 52 to the anchor pads 
(not shown) that constitute parts of the probe support 
posts 64 and 65. When the probe apparatus is complete, 
this electrical connection sets the probe travel limiter as- 
sembly to the same electrical potential as the electrode 
sections 61 and 62 of the probe 3. 

Figure 6A shows how the rest of the probe support 
post 66 is formed and the needle support section 63 and 
connecting section ofthe probe arm 17 are fabricated. 
The insulating layer 73 is deposited to cover the surface 
of the insulating layer 72 and the first layer of metal con- 
stituting the interconnect layer. A polyimide layer 74 is 
deposited on the insulating layer 73, preferably by spin 
casting to provide it with a flat surface. Parts of the poly- 
imide layer and the insulating layer are then removed to 
define the through hole 84. The through hole 84 pro- 
vides access to the anchor pad 93. 

A second layer of metal is then deposited on the 
surface of the polyimide layer 74. The metal is preferably 
aluminum, but other suitable metals can be used. De- 
positing the second layer of metal fills the through hole 
84 with metal. The metal bonds to the anchor pad 93 to 
form the probe support post 66. Formation of the probe 



support posts 64 and 65 (Figure 1) is simultaneously 
completed by the metal filling through holes (not shown) 
located on opposite sides of the through hole 84. 
Parts of the second layer of metal are then selec- 
s tively removed, preferably by etching, to define the 
probe arm 17. The needle support section 63 and the 
connecting section 67 of the probe arm are shown in 
Figure 6A. Since Figure 6 A is a cross sectional view, the 
electrode sections 61 and 62 and their support posts 64 
10 and 65 are not shown. 

Figure 6A also shows the silicon dioxide insulating 
section 31 that mechanically interconnects the needle 
support section 63 and the connecting section 67. Ways 
of forming the insulating section will be described in de- 
15 tail below with reference to Figures 9A-9E, 10A, 1 0B and 
11. 

Figure 6B shows how the processing illustrated in 
Figure 6A also forms part of the fixed electrode assem- 
bly 4. Selectively removing parts of the polyimide layer 
74 and the insulating layer 73 not only defines the 
through hole 84, but also defines the through hole 85 
that provides access to the anchor pad 45. Depositing 
the second layer of metal on the surface of the polyimide 
layer not only fills the through hole 84 with metal, but 
also fills the through hole 85 with metal. This forms a 
central portion 46 of the fixed electrode support post 42 
of the fixed electrode assembly 4. Selectively removing 
parts of the second layer of metal not only defines the 
probe arm 1 7, but also defines the platform 47. The plat- 
form 47 constitutes part of the central portion of the fixed 
electrode support post. 

Although not shown, a central portion of the limiter 
support post 52 of the probe travel limiter assembly 5 is 
formed at the same time and in the same way as the 
central portion of the fixed electrode support post 42. 

Figure 7A shows how the micro needle assembly 
34 is formed on the needle support section 63 ofthe 
probe arm 1 7. A second polyimide layer 75 is deposited 
to cover the probe arm 17 and the underlying polyimide 
layer 74. The second polyimide layer is preferably de- 
posited by spin casting to give the second layer of poly- 
imide a flat surface. Part of the second layer of polyimide 
is removed to define the through hole 86. The through 
hole 86 provides access to the part of the needle support 
section 63 on which the needle post 36 will be construct- 
ed. 

A third layer of metal, preferably aluminum, is then 
deposited on the surface of the second layer of polyim- 
ide 75. The thickness of the third layer of metal is pref- 
erably less than that of the second layer of metal since 
the needle mounting plate will later be defined in this 
layer. Depositing the third layer of metal fills the through 
hole 86 with metal to form the needle post 36. Parts of 
the third layer of metal are then selectively removed, 
preferably by etching, to define the needle mounting 
plate 37. Selectively removing parts of the third layer of 
metal to define the needle mounting plate simultaneous- 
ly defines the fixed electrode 41, the aperture 43 and 
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the probe travel limiter 51 . 

Conventional processing is then performed to form 
the micro needle 35 near the end ofthe needle mounting 
plate 37 remote from the needle post 36. The micro nee- 
dle is formed from a metal such as iridium. 

Figure 7B shows how the processing illustrated in 
Figure 7A completes fabrication of the fixed electrode 
assembly 4. Selectively removing part of the second lay- 
er of polyimide 75 not only defines the through hole 86, 
but also defines the through hole 87. The through hole 
87 provides access to the platform 47 constituting part 
of the fixed electrode support post 42. Depositing the 
third layer of metal to fill the through hole 86 not only fills 
the through hole 86 with the metal, but also fills the 
through hole 87 with the metal. This completes fabrica- 
tion of the fixed electrode support post 42. Selectively 
removing parts of the third layer of metal not only defines 
the needle mounting plate 37, but also defines the fixed 
electrode 41, the aperture 43, and the probe travel lim- 
iter 51 , as noted above. 

Although not shown, fabrication of the limiter sup- 
port post 52 of the probe travel limiter assembly 5 is 
completed in the same way and at the same time as 
fabrication of the fixed electrode support post 42. As can 
be seen in Figure 7A, the probe travel limiter 51 is de- 
fined in a position where it vertically overlaps part of the 
connecting section 67 of the probe arm 17. 

The layered structure formed as just described is 
then plasma etched in an oxygen atmosphere to remove 
the polyimide layers 74 and 75. Figures 8 A and 8B show 
the structure after removing the polyimide layers 74 and 
75. Removing the polyimide layers leaves the probe arm 
suspended over the probe support surface 1 , and leaves 
the probe arm separated from the probe support sur- 
face, the fixed electrode 41 and the probe travel limiter 
51. 

A first way of forming the insulating section 31 will 
be described next with reference to Figures 9A through 
9E. In this, the insulating section is formed prior to de- 
fining the probe arm 17 by selectively etching the sec- 
ond layer metal. 

Figure 9A shows the probe device immediately after 
the second layer of metal 77 has been deposited on the 
polyimide layer 74. The insulating layer 73 is shown be- 
low the polyimide layer. The second layer of metal is 
then selectively etched to form the trench 87 at the lo- 
cation where the insulating section 31 will be formed, as 
shown in Figure 98. The trench is longer than the width 
of the needle support section 63 (Figure 1 ) and extends 
through the metal layer to expose the surface of the 
polyimide layer 74. 

A layer of silicon dioxide 78 is then deposited to cov- 
er the surface of the polyimide layer 74. Depositing the 
layer of silicon dioxide on the surface of the polyimide 
layer fills the trench 87 with silicon dioxide, as shown in 
Figure 9C. 

The silicon dioxide layer 78 is then dry etched back 
to remove the silicon dioxide from the surface of the met- 



al layer 77. This leaves part of the silicon dioxide layer 
filling the trench 87, as shown in Figure 9D. 

Finally, the aluminum layer 77 and insulating layer 
78 are selectively dry etched to define the probe arm 1 7 
5 and to reduce the length of the silicon dioxide layer 78 
to match the width of the needle support section 63. For- 
mation of the needle support section 63, the connecting 
section 67 and the insulating section 31 is shown in Fig- 
ure 9E. 

10 Figures 1 0A and 1 0B show another way of forming 
the insulating section between the needle support sec- 
tion and the connecting section of the probe arm. The 
mortised insulating section 32 formed in the way illus- 
trated in Figures 10A and 10B provides a higher- 

'5 strength mechanical connection between the needle 
support section 63 and the connecting section 67 than 
the insulating section 31 shown in Figure 9E. Figure 10A 
corresponds to Figure 9B. Instead of etching the second 
layer of metal 77 to define the elongate trench 87, the 

20 second layer of metal is etched to form the trench 88 
that includes the two mortises 89 and 90 that are mirror 
images of one another, and that are interconnected by 
the portion 94. The mortises 89 and 90 the portion 94 
each have about the same width as that of the needle 

25 support section 63. 

The mortised insulating section 32 is then formed 
by processing similar to that described above with ref- 
erence to Figures 9C and 9D. The result of this process- 
ing is shown in Figure 10D. The end of the needle sup- 

30 port section 63 and the tenon 68 constituting part of the 
connecting portion 67 fit into the mortises 95 and 96 de- 
fined in the mortised insulating section. The mortises 95 
and 96 increase the area of contact between the mor- 
tised insulating section and the needle support section 

35 63 and the connecting section 67, respectively. This in- 
creases the strength of the mechanical connection be- 
tween the needle support section 63 and the connecting 
section 67. 

Figure 1 1 shows another embodiment of a mortised 

40 insulating section 33 that has an even larger area of con- 
tact with the needle support section 63 and the connect- 
ing section 67than the mortised insulating section 32. 
The mortised insulating section 33 therefore provides 
an even stronger mechanical interconnection between 

45 the needle support section and the connecting section. 
Moreover, the mortised insulating section 33 is simpler 
to make than the mortised insulating section 32. 

To make the mortised insulating section, the second 
layer of metal 77 is deposited, and is selectively etched 

50 to define the probe arm 1 7, including the needle support 
section 63 and the connecting section 67. The connect- 
ing section is defined to include the tenon 68 that will 
engage with the mortised insulating section 33. A layer 
of silicon dioxide is then deposited and is selectively dry 

55 etched back to define the mortised insulation section 33. 
In the above examples the insulating members 31, 
32 and 33 are described as being formed using silicon 
dioxide, but they can be formed using other suitable in- 
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sulating materials such as silicon nitride. 

Although this disclosure describes illustrative em- 
bodiments of the invention in detail, it is to be understood 
that the invention is not limited to the precise embodi- 
ments described, and that various modifications may be 
practiced within the scope of the invention defined by 
the appended claims. 



Claims 

1. A micro needle probe apparatus (100), comprising: 

a substrate (6) having a surface; 
an electronic circuit (2) formed in the substrate 
adjacent the surface, and including a metal in- 
terconnection layer; and 
a probe (3) cantilevered over the electronic cir- 
cuit, the probe including: 

a probe arm (1 7) fabricated from a first sin- 
gle layer of metal and including an elec- 
trode, 

a micro needle (35) mounted adjacent an 
end ofthe probe arm, and 
a probe support post (64, 65, 66) anchoring 
the probe to the substrate. 

2. The micro needle probe apparatus of claim 1 , in 
which the probe support post provides an electrical 
connection between the electronic circuit and the 
probe arm. 

3. The micro needle probe apparatus of claim 1 or 2, 
in which: 

the probe arm additionally includes: 

a micro needle support section (63) on 
which the micro needle (35) is mounted, 
an electrode section (61 , 62) that functions 
as the electrode, the electrode section be- 
ing mechanically coupled to, and electrical- 
ly isolated from, the micro needle support 
section; and 

the micro needle support section and the elec- 
trode section are both fabricated from the first 
single layer of metal. 

4. The micro needle probe apparatus of claim 3. in 
which the probe arm additionally includes an insu- 
lating section (31 ) to which the micro needle support 
section and the electrode section are both attached. 

5. The micro needle probe apparatus of any one ofthe 
preceding claims, additionally comprising: 



building a probe support post on the sub- 
strate, 

fabricating, from a single layer of metal, a 
probe arm attached to the probe support 
post, and 

forming a micro needle on the probe arm 
at a point remote from the probe support 
post. 

10. The method of claim 9, in which: 

55 

the probe arm is fabricated from the single layer 
of metal to include an electrode section and a 
micro needle support section mechanically 



a fixed electrode (41) bridging the probe, the 
fixed electrode being fabricated from a second 
single layer of metal, and 
a fixed electrode support post (42, 44) anchor- 
5 ing the fixed electrode to the substrate. 

6. The micro needle probe apparatus of claim 5, in 
which the fixed electrode defines an aperture (43) 
through which the micro needle projects. 

10 

7. The micro needle probe apparatus of claim 5 or 6, 
additionally comprising: 

a probe travel limiter (51) fabricated from the 
*s second single layer of metal; and 

a travel limiter support post (52) anchoring the 
probe travel limiter to the substrate in a position 
at which the probe travel limiter overlaps part 
ofthe probe. 

20 

8. A moving-medium type memory device, compris- 
ing: 

a micro needle probe apparatus according to 
25 any one of the preceding claims, in which the 

probe and the electronic circuit are one probe 
and one electronic circuit of a rectangular array 
of probes and electronic circuits arranged on 
the substrate; and 
30 a memory medium disposed substantially par- 

allel to the surface. 

9. A method of making a micro needle probe appara- 
tus, the method comprising: 

35 

providing a substrate; 

forming an electronic circuit in the substrate to 
include at least one layer of metal interconnec- 
tions; and 

40 after forming the at least one layer of metal in- 

terconnections, forming a probe cantilevered 
over the electronic circuit, the probe being 
formed by: 

45 
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coupled to, and electrically isolated from, the 
electrode section; 

the micro needle is formed on the micro needle 
support section; and the probe support is built 
electrically connected to the electronic circuit. 
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FIG.l 
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